Introduction
Alzheimer's disease (AD) is associated with cognitive and functional decline, eroding patients' quality of life (QOL). 1 In a consensus conference in 1997, AD experts declared the primary goals of AD treatment to be improved QOL and functioning through elevation of mood, behavior, and cognitive status. 2 Given the importance of functioning in determining care needs such as social supports and evaluating intervention efficacy, clinicians must be able to measure these functional components as clinical endpoints, as was recommended in 2010 by the US National Institutes of Health (NIH) in their Consensus Development Conference Statement on Preventing Alzheimer's Disease and Cognitive Decline. 3 Executive function in particular is one of the first abilities to decline and may even begin to decline before the AD diagnosis, necessitating assessment of this construct in older adults. 4 Assessment options for clinicians include performancebased measures of cognitive ability -such as the Mini-Mental State Examination (MMSE) -and functional ability -such as the Direct Assessment of Functional Status. These performance-based measures are objective but involve simplified tasks performed in the experimental setting only and, therefore, may not reflect real-world tasks. 5, 6 Thus, instead of these objective measures, clinicians often rely on subjective reports by patients or, given the importance of social support in AD care, the patient's caregiver. In some cases, self-reports may be inaccurate because of AD-related cognitive impairment. 7 Caregivers can serve as health care proxies who may be able to more accurately report patients' abilities.
Other research groups have studied the relationships between patient-rated, proxy-rated, and performance-based measures. Prior studies have consistently found that patients rate their QOL higher compared to proxy ratings, [8] [9] [10] [11] [12] [13] while satisfactory correlations have been found between patientand proxy-rated ADL measures. 14, 15 Several studies have identified sources of patient-proxy discrepancy, which include severity of dementia, 9, 14 relationship between patient and proxy; 5, 12, 14, 16 depressive symptoms, 13 and the degree to which the abilities tested are directly observable by the proxy. 12, 14, 15 However, the association between these determinants and patient-proxy discrepancy has been inconsistent across studies. Additionally, literature is sparse on the discrepancy between patient-and proxy-reported subjective cognitive function and changes over time in patient-proxy discrepancy in any domain.
This analysis from a larger prospective NIH-funded study compared patient-rated and proxy-rated measures of functioning at baseline and at 12-month follow-up using the Alzheimer's Disease Cooperative Study-Activities of Daily Living Inventory (ADCS-ADLI), the Executive Function form of the Quality of Life in Neurological Disorders (Neuro-QOL Executive Function) scale, and the Applied Cognition form from the Patient-Reported Outcomes Measurement Information System (PROMIS® Applied Cognition or PROMIS-Cog). Our objectives were to examine patient-proxy discrepancy across several domains both at baseline and at 12 months. We aimed to elucidate the correlates of these disparities, especially for the little-studied QOL related to executive function, or everyday executive function, construct. Since the evidence indicates higher patient-proxy agreement for directly observable functioning than for mental processes, 12, 14, 15 we hypothesized that we would see relatively high agreement on the ADCS-ADLI and low agreement on the Neuro-QOL Executive Function and PROMIS-Cog.
Methods Sample
A parent cohort of 304 participants was recruited between May 2011 and September 2013 from neurology and geriatric clinics and the community in Ohio. A small percentage of participants were recruited during a short stay at an in-patient geropsychiatric unit of an academic medical center. All participants were asked if they could identify a family member or close friend who could serve as a proxy to accompany the participant to their visits and complete proxy-rated versions of assessments. Twenty-five percent of participants (N=76) had a proxy available to complete instruments at baseline. We analyzed only this subsample in our study. After 12 months, during which no interventions were implemented, participants completed assessments again.
Inclusion criteria were broad with minimal exclusion criteria to increase external validity. Participants were deemed eligible if 1) 70 years old or older; 2) MMSE score was >16 and patient self-identified as without cognitive impairment, having diagnosis of mild cognitive impairment (MCI) or having diagnosis of mild to moderate dementia; 3) able to read and speak English; and 4) able to provide informed consent at the time of the initial baseline interview. Individuals were excluded if 1) life expectancy was <12 months; 2) planning to be placed in a nursing home or move from the greater Cleveland area within 12 months; 3) actively abusing or dependent on a substance; or 4) suffering from an uncontrolled mental disorder that would limit the individual's ability to complete the study questionnaires. The team attempted to assess proxies who were in contact with patients at least 2 days per week but ended up with a small proportion of proxies who visited with the patient less frequently (Table 1) . Proxies were given a separate informed consent document. Written informed consent was obtained from all participants and proxies.
All study procedures were deemed consistent with the Helsinki Declaration of 1975 (as revised in 1983) and this study was approved by the Institutional Review Board of University Hospitals of Cleveland, OH, USA. 18 Prior studies have demonstrated an internal consistency of >0.90. 19 Higher scores denote better cognitive functioning. Example questions include "My thinking has been as fast as usual," and "I have been able to remember things as easily as usual without extra effort." 3. Neuro-QOL Executive Function: Neuro-QOL was developed through a multisite project to be a clinically relevant and psychometrically robust health-related QOL assessment tool for adults and children. The executive function form contains items assessing cognitive functioning in the context of activities of daily living. 20 The Executive Function item bank contains 13 items that 
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Howland et al ask the respondent to indicate on a 5-point scale (none, a little, somewhat, a lot, cannot do) how much difficulty they currently have with certain everyday cognitive abilities. Higher scores indicate higher executive functioning abilities. An example question is "How much difficulty do you currently have planning an activity several days in advance (e.g., a meal, a trip, or a visit to friends)." 4. Geriatric Depression Scale (GDS): The GDS is a 30-item scale that assesses depression in older individuals. The measure involves yes/no responses, which require less cognitive ability compared with Likert scales. 21 The GDS has shown strong psychometric properties such as robust internal consistency (Cronbach's α=0.91), splithalf reliability of 0.94, and a test-retest correlation of 0.85 over 1 month. 22 Higher scores indicate higher levels of depression, with a cutoff for "mildly depressed" of 15 and a cutoff for "severely depressed" of 23. 
Data analysis Descriptive analysis
For a cohort of participants who completed each measure themselves and also had a proxy who completed the measure, we used descriptive statistics to characterize participant demographics including age, gender, education level, race, number of medical conditions, MMSE score and cognitive category (according to the optimized cutoffs suggested by Tariq et al, 2006 ), 24 and GDS depression score and status. Optimized MMSE cutoffs were <28.5 for MCI and <26.5 for dementia for participants who did not complete high school and 1 point higher than these values for participants who completed high school. We also characterized proxy demographics such as relationship to the participant and frequency of contact with the participant (Table 1) . To compare the participants with proxies available and parent cohort participants without proxies, we performed two-sided, independent-samples t-tests (assuming unequal variance when appropriate) or chi-square tests for the above demographic variables and the three measures of interest.
To determine the relationships among the constructs assessed by PROMIS-Cog, Neuro-QOL Executive Function, and ADCS-ADLI, we performed Spearman correlations between these measures at baseline. Additionally, to determine the magnitude of change in objective cognitive performance, we calculated the mean and standard deviation (SD) for 1-year change in MMSE.
Magnitude of patient-proxy discrepancy
We determined the mean and SD for each measure at baseline for both participants and proxies. We performed Spearman correlations on these means and bidirectional paired-samples t-tests.
Because of the low overlap between proxies who completed PROMIS-Cog at baseline and at 1 year (N=9), we decided to exclude this measure from the follow-up analysis. To conduct the follow-up analysis, we determined the mean and SD for 12-month changes (calculated as 12-month time point minus baseline) in patient and proxy scores on Neuro-QOL Executive Function and ADCS-ADLI. For each measure, we performed Spearman correlations between patient and proxy changes in scores. We performed a one-sample t-test for the change over time in patient-proxy discrepancy.
Correlates of patient-proxy discrepancy
To identify correlates of patient-proxy discrepancy, we correlated the difference between patient and proxy scores at baseline (calculated as patient score minus proxy score) with age, MMSE, and GDS. With discrepancy as the dependent variable, we performed independent-samples t-tests for gender and one-way analyses of variance (ANOVAs) with Tukey's post hoc tests for MMSE cognitive category, proxy relation, and proxy frequency of contact with the participant. Next we fit joint regression models for each measure with gender, proxy relation, proxy frequency of contact, age, MMSE total score, and GDS as initial variables. To simplify these models, we eliminated the gender, proxy relation, and proxy frequency of contact variables since these variables were not significant in the original regression models. We generated scatter plots for scores on the measures versus covariates such as age, MMSE, and GDS.
Validation of patient and proxy ratings
To determine which measures best matched changes in objective cognition while assessing the role of depression in these changes over time, we correlated changes in patient and proxy scores on Neuro-QOL Executive Function and ADCS-ADLI with changes in MMSE and GDS. We then jointly fit changes in MMSE and GDS as covariates in respective regressions for change in patient-rated or proxy-rated measures.
All analyses were conducted using Statistical Package for the Social Sciences (SPSS) Version 22. 
Results

Descriptive analysis
Most of our patients were nondepressed, white, educated women with a mean age of ~80 and a mean MMSE score of ~26, categorizing most participants as having dementia (Table 1) . Spouses were the most common type of health care proxy, while adult children were the second most common type. The remaining proxies were other relatives, friends, or "other." Most proxies lived with patients, though some visited with the patient "at least once a day" or "at least once a week," and one proxy visited only "at least once a month." Compared with participants in the parent cohort with no proxy available, our subsample was older (80. To determine whether our three measures were assessing similar constructs, we performed Spearman correlations that showed that PROMIS-Cog was moderately correlated with both ADCS-ADLI and Neuro-QOL Executive Function (ρ=0.40, p=0.006; 0.52, p<0.001). ADCS-ADLI and Neuro-QOL Executive Function were strongly correlated (ρ=0.72, p<0.001). In the follow-up analysis, mean 12-month change in MMSE was −1.9 (SD 3.6).
Magnitude of patient-proxy discrepancy
Patient and proxy baseline scores are listed in Table 2 . Patient and proxy ratings were mildly to moderately correlated for PROMIS-Cog and Neuro-QOL Executive Function (Table 3) . Patient and proxy ratings were strongly correlated for ADCS-ADLI. Paired-samples t-tests identified significant differences between patient and proxy ratings for PROMIS-Cog and Neuro-QOL Executive Function but not for ADCS-ADLI (Table 3) .
Mean change in participant-rated Neuro-QOL Executive Function was 0.9 (SD 6.7), while mean change in proxyrated Neuro-QOL Executive Function was −2.7 (SD 8.0), producing an increase over time in the difference between patient and proxy ratings of 3.7 (SD 9.5, t=2.49, p=0.018) . Change in proxy and participant Neuro-QOL Executive Function differences did not correlate significantly (ρ=0.18, p=0.262, N=41). Mean change for participant-rated ADCS-ADLI was −2.6 (SD 8.0), and mean change for proxy-rated ADCS-ADLI was −4.7 (SD 6.3), corresponding to a mean increase in discrepancy of 2.1 (SD 6.9), which did not reach statistical significance (t=1.87, p=0.07). Change in proxy and participant ADCS-ADLI moderately correlated (ρ=0.55, p<0.001, N=38).
Correlates of patient-proxy discrepancy
Ratings given by patients and proxies for Neuro-QOL Executive Function were more divergent when the patient had poorer cognitive function per MMSE and lower depression levels (Table 4) . A higher patient-proxy discrepancy for PROMIS-Cog was correlated with lower depression levels, but no significant relationship was found with MMSE. Age did not correlate with any measure in these initial Spearman correlations. Independent-samples t-tests or ANOVAs performed for gender, MMSE cognitive category, proxy relation, and proxy frequency of contact were not significant.
Linear regression performed for patient-proxy discrepancy using the simplified models (including age, MMSE, and GDS as variables) indicated that age was significant 
Discussion
This analysis of patient-versus proxy-rated outcomes in older people with varying degrees of cognitive function found that proxies and patients are likely to agree on ADL measures but not on measures of applied cognition or QOL related to executive function. Though prior studies have looked at ADL, cognitive, and QOL measures separately, we are the first to directly compare patient and proxy ratings on all three. QOL related to executive function, or everyday executive function, is a construct that is related to but distinct from general QOL. For this construct, we are the first to identify the correlates of patient-proxy discrepancy and assess these ratings over time. Patient-proxy discrepancy increased over 12 months for QOL related to executive function. Greater patient-proxy discrepancy on Neuro-QOL Executive Function was associated with less depression and worse cognitive impairment.
To our knowledge, we are the first to report that greater patient-proxy discrepancy on an applied cognition measure was associated with less depression and younger age.
Magnitude of patient-proxy discrepancy
Similar to proxies' reports of lower QOL related to executive function, proxies reported significantly greater impairment than patients in the applied cognition domain, perhaps reflecting anosognosia. 25 Researchers have begun establishing that proxy-reported cognitive impairment may be more correlated than patient-reported cognitive impairment to objective cognitive performance. 25 However, proxies may lack information about less observable cognitive domains. 26 "Mutual complaint," or cognitive dysfunction noted by both patients and proxies, is more associated than patient or proxy report with neuropathology 27 and more predictive of future cognitive decline. 28 Thus, having applied cognition information from both sources may be preferable to one or the other.
Our 12-month study with multiple instruments completed by both participants and proxies allowed us to compare the trajectory of ADL and QOL related to executive function over time. Consistent with previous cross-sectional findings, patients and proxies are likely to agree on ADL assessments but not on QOL assessments. 8, 9, 11, [12] [13] [14] [15] One previous study identified no correlation between changes over time in patient-and proxy-rated general QOL measures. 29 One study found that proxy ratings for Neuro-QOL Executive Function were lower than patient ratings in a patient population with stroke; 30 however, we are the first to evaluate this particular measure's performance over time in a general older population. The patient-proxy discrepancy for QOL related to executive function might be explained by the subjective nature of QOL and executive processes as opposed to the direct observability of ADLs such as cleaning or keeping appointments. 12, 15, 16 A recent study noted that patient-proxy discrepancy in QOL related to memory was significant beginning in mild dementia, whereas other QOL domains -including "life as a whole" -became significant at moderate levels of dementia. 31 Since most of our study's participants with dementia had only mild dementia, our results support that discrepancy for QOL related to cognitive processes appears early in dementia. Therefore, it is important that clinicians recognize that proxies may have a more negative perspective than patients of patients' everyday executive function even early in the disease process. 
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Patient-proxy discrepancy on functional measures
Proxy ratings of QOL related to executive function were more likely to decline over time than patient ratings, which increased slightly on average. Many previous reports have illustrated that a discrepancy exists between patient-and proxy-rated measures of QOL, but to our knowledge, none have illustrated that the disagreement between patient and proxy assessments increases over time. In line with proxies' lower estimation of patients' QOL and abilities, perhaps proxies also have more pessimistic expectations for the course of the disease. Discrepancy in ADL ratings did not significantly increase over time, though we did observe a trend toward proxy ratings decreasing more over time than patient ratings, supporting results from a 1994 study. 7 The decline in patient ratings indicates that cognitive impairment does not prevent patients from detecting decline in ADLs.
It has been suggested that the patient's own experiences are crucial to the definition of QOL, especially given that individuals with similar conditions may have different QOL because of their attitudes and beliefs. 32 Brod et al posited that, though people with mild to moderate dementia may not be aware of cognitive deficit, they are aware of their current emotional states. 32 These findings in conjunction with the discrepancy between patient and proxy reports of QOL discourage relying on proxy-reported QOL for patients with mild to moderate dementia. However, QOL related to executive function is a related but distinct construct from general QOL that incorporates mental processes and was correlated moderately with PROMIS-Cog. Both patients and proxies may provide valuable reports on QOL related to executive function, similar to applied cognition. Conversely, clinicians may be able to trust either a patient-or proxy-reported ADL measure score by itself.
Correlates of patient-proxy discrepancy
In this analysis, greater patient depression was associated with greater agreement between patients and proxies on QOL related to executive function and applied cognition. Though higher depression levels have been associated with higher patient-proxy agreement on the MMSE, 33 we appear to be the first to report these associations for subjective cognition measures. The scores of patients with lower depression levels were clustered near the maximum for both applied cognition and QOL related to executive function. Both applied cognition and QOL have previously been associated with depression. 25, 34, 35 Therefore, perhaps as depression levels increase, both patients and proxies become attuned to deficits in cognition and QOL related to executive function. We, thus, confirm the results of Tay et al that greater depression levels correlate with lower patient-rated general QOL to match proxies' estimation of lower QOL. 13 We further posit that greater depression associates with greater patient-proxy agreement for QOL related to executive function and applied cognition. The positive association between age and patient-proxy agreement on applied cognition may be explained by patients' lower expectations for their cognitive functioning as they age, matching proxies' expectations.
Cognitive impairment on MMSE was significantly associated with greater patient-proxy discrepancy on Neuro-QOL Executive Function. Some studies have failed to demonstrate a relationship between dementia severity and patient versus proxy QOL reports. 10, 29 However, similar to our findings, one study reported that proxy QOL ratings decreased with progressive cognitive decline while patient QOL did not decrease. 9 Perhaps proxies equate a decline in cognition with a decline in QOL related to executive function, while patients either adopt a different perspective or lack insight into their QOL related to executive function. 11 A recent study found that patient-proxy discrepancy on only certain QOL items -including memory, a component of executive function -increased with decreasing cognitive function, supporting our results. 31 Additionally, it was interesting that degree of cognitive impairment did not correlate with patient-proxy discrepancy in applied cognition. One might expect a progressive anosognosia -and thus increased patient-proxy discrepancy -with increasing dementia severity. However, factors other than dementia severity can also contribute to anosognosia, 36 and patient-proxy discrepancy is also related to proxy characteristics. 6 Other studies have found that more severe dementia correlates to greater patient-proxy discrepancy in ADL measures. 14, 15 . However, these studies did not exclude individuals with MMSE scores of 16. Individuals with very severe dementia may disagree more with their proxies.
We did not identify significant relationships between any domain and proxy relationship or frequency of patient-proxy contact. Data have been inconsistent on the link of proxy relationship and frequency of contact with patient-proxy discrepancy for both QOL and ADL measures.
3,10,12,14 Huang et al suggested that the quality of the patient-proxy relationship may play a larger role in patient-proxy discrepancy. 16 While we did not evaluate caregiver burden or depression, these variables may also be important mediators of discrepancy. 1, 6, 16, 37 Patient Related Outcome Measures 2017:8 submit your manuscript | www.dovepress.com
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Validation of patient and proxy ratings
Though changes in patient and proxy ADL ratings were moderately correlated, only changes in proxy ADL ratings were significantly associated with MMSE changes. This confirms the results of Kiyak and colleagues (1994) , who found that family member -but not patient -reports of declines in physical and instrumental ADLs (PADLs and IADLs) correlated with 2-year declines in cognitive abilities measured by formal testing. 7 Proxies may be more attuned than patients to small changes in patients' instrumental ADLs -which the ADCS-ADLI is more heavily weighted toward -than physical ADLs. 14, 15, 38 In AD, the first abilities to decline are often instrumental and include balancing a checkbook or going shopping, while physical abilities such as bathing, dressing, and walking decline later. In milder cognitive impairment, patients may not be as aware of subtle instrumental deficits as proxies are. 34 Indeed, weaker patient-proxy agreement has been found for IADLs than PADLs. 38 Our sample on average had mild dementia at baseline and small decreases in cognition over time; participants may not have yet recognized deficits in ADLs. Thus, it may be wise to weight proxy ratings more heavily when assessing decline in IADLs over time.
A few studies have explored the usefulness of combined patient-proxy measures. Gifford and colleagues (2015) used a "mutual cognitive complaint" measure, which predicted future cognitive decline better than patient-only or proxy-only reports. 28 Additionally, a measure of QOL in AD involves a weighted average of patient and proxy reports. 38 Future research should consider how patient and proxy information should be used for predicting outcomes and planning care.
Limitations
This analysis had a number of limitations including convenience sampling, lack of statistical power, relative sample homogeneity in terms of racial/ethnic status, and absence of potentially important proxy variables such as burden and distress. While we invited all patients to identify a proxy, only 25% of patients did so. Patients who did so were older, more cognitively impaired, and less functional in ADLs than patients who did not. Thus, we failed to capture the full range of cognitive and functional abilities, limiting our study's generalizability. We did not require that proxies be caregivers, and proxies who visited the participant once a week or less may not have had an accurate sense of the patient's cognition or functionality. However, most proxies lived with or frequently visited participants; the percentage of proxies who visited once a week or less was <20%. Some proxies failed to complete all three instruments, which could have introduced nonresponse bias, as it is possible that only the most dedicated proxies filled out all three instruments. Moreover, this study was limited in its assessment of applied cognition because of the exclusion of PROMIS-Cog from the follow-up analysis. Our conclusions about the preferability of patient versus proxy ratings were limited by this exclusion of PROMIS-Cog and the lack of gold-standard measures such as comprehensive neuropsychological testing.
Conclusion
Both patient and proxy input is important in the clinical assessment of a person with cognitive decline. Knowing in which instances patient and proxy reports are likely to differ is necessary to create an accurate clinical picture and guide treatment. Patient or proxy reports generally agree, and either might be relied upon with respect to functional status, though it may be preferable to weight proxy scores more heavily when assessing decline of IADLs over time. Patient and proxy reports differed on QOL related to executive function, a discrepancy that was correlated with lower depression levels and worse cognitive impairment. Though a patient's perspective on their own QOL may be preferred, further research is needed on combined patient-proxy measures, especially for QOL related to executive function. Patients and proxies also diverge in their assessment of applied cognition, and this discrepancy is associated with less depression and younger age. Combined measures may also be preferred for applied cognition measures. Importantly, further research is needed to assess the long-term predictive ability of patient and proxy measures and to validate these measures against "gold standards" such as comprehensive neuropsychological testing and direct observation in everyday functioning.
